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 I. Design and Logic 
      
 The preparation of an organic compound by use of one or more reactions is called organic synthesis. 
 The molecule to be synthesized is often termed the target molecule.  

(i) A synthesis is best designed by working backwards from the target molecule towards the starting 
material. This is termed retrosynthesis. 

 
(ii) The most important structural component of any molecule is the carbon skeleton. Thus the crux 

of any synthesis problem are the steps necessary to build the carbon skeleton. 
 
 (iii) Once the carbon skeleton is assembled, with usable functionality, conversion of the various 
  functional groups to what is desired is often relatively straightforward. 
 

(iv) When more than one synthetic route is possible each synthesis should be evaluated on the basis 
of its limitations, yield and expense. The route that is most practical and efficient,  
  i.e. easiest, is then chosen. 

 
 II. Systematic Approach 
 
 (i) Review the functional groups and carbon skeleton of the target molecule. 
 

(ii) Review the functional groups and carbon skeletons of any starting material, if any are specified, 
to see how they might fit together to produce the target molecule. 

 
(iii) Compare methods for assembling the carbon skeleton of the target focusing on the generation of 

a key intermediate that has the correct carbon skeleton with functional groups st key positions. 
These functional groups can be transformed later if necessary. 

 
 (iv) Write down the steps necessary for assembling the key intermediate and for converting the key 
  intermediate to the target. 
 
 (v) Work backwards to synthesize the reagents necessary for assembly of the key intermediate. If 
  more than one method is available compare and decide on optimum approach. 
 

(vi) Summarize the complete synthesis in the forward direction including all steps and reagents, 
making sure to check for errors and omissions. 

 
 Examples : 
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 III. Fundamental Operations 
 
 A. Fuctional group transformation, often involving protecting groups as tactical  side-operations. 
 
 B. Formation of carbon-carbon bonds 
 

V. Control of stereochemistry 



 
IV. Linear vs Convergent Synthesis 

 
Consider a synthesis that involves 5 stages; each stage occurs in 90% yield. 
The yields at each stage would be as follows (i.e. 90%x90% at stage 2 etc): 

 
You'll see that the yields drop off rapidly even with high yields at each 
stage. However we could also have run this reaction in a 'convergent' 
manner: 
 

 
 
You will notice how much better a convergent route is than a linear one. 
Another thing - if a synthesis has a low yield step, where is it best to 
have that low yield? 
 

VI.  Protection in synthesis 
 
Most 'real' syntheses of e.g. pharmaceuticals involve molecules with several 
functional groups. These functions make our chemistry more difficult requiring a general process for  
protecting a functional group during a reaction : 
  a)  formation of an inert derivative to allow us to safely use the molecule of interest 
  b)  carrying out the specified reaction 
  c)  removal of the protecting group to regenerate the original functional group 
For example: 
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